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ABSTRACT
IMPACT OF PREDATION AND HUNTING ON EASTERN COTTONTAIL RABBITS 
AT CAPE COD NATIONAL SEASHORE, MASSACHUSETTS
by
Kelly M. Boland 
University of New Hampshire, December, 2007
In areas that experience environmental seasonality, wildlife populations may 
undergo annual declines until the capacity of the environment is reached. The degree to 
which hunting may influence these populations depends on whether hunting mortality is 
additional to natural mortality (additive) or if natural mortality decreases as hunting 
increases (hunting is a compensatory mortality). To comply with the National 
Environmental Policy Act (NEPA) of 1969, Cape Cod National Seashore (CCNS) 
initiated an examination of the current rabbit hunting program in 2004. Because of the 
lack of current information of rabbit hunting within CCNS, the primary objective of this 
study was to determine whether hunting was an additive or compensatory form of 
mortality for cottontails. To address the hunting impact on eastern cottontails, I 
determined cause-specific mortality and survival rates of cottontails in hunted and non- 
hunted areas. Predation caused >70% of all deaths (N=71), whereas hunting caused 10% 
of all deaths (N=10) in all areas surveyed. There was substantially lower survival at 
hunted sites (0.05) than at non-hunted sites (0.19) during winter-spring of Year 1 (1 
December 2004 through 30 June 2005); there was no difference in survival between 
hunted (0.33) and non-hunted (0.40) sites during Year 2 (15 October 2005 through 30
ix
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
June 2006). Lower survival in Year 1 was likely due to heavy and persistent snow that 
reduced food and cover resources. As a result, hunting was likely additive during that 
period. However, at least partial compensation seemed to have occurred during Year 2 
when winter weather was less severe. The fact that CCNS is on a coastal peninsula limits 
the geographic range of the cottontails living there; this population may be more sensitive 
to stochastic weather than populations in the core of the range. Compared to predation, I 
do not believe that the current level and distribution of hunting influences cottontail 
populations at CCNS.
x
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CHAPTER 1
INTRODUCTION
Errington (1945) coined the phrase “doomed surplus” partly to describe the ill- 
fated fraction of a wildlife population that would not survive the winter due to seasonally 
limited resources and increased predation. He explained how the “doomed surplus”, a 
result of high population density after the breeding season, would succumb to mortality 
factors such as predation, competition, and starvation until the winter threshold or 
carrying capacity was reached (Errington 1946). Such mortality is considered density- 
dependent and increases as population density increases (Sinclair and Pech 1996). For 
species that exhibit these seasonal population cycles, mortality sources may not act 
independently of each other, but instead replace one another, not changing the annual 
survival rate (Errington 1945). For example, if the predation rate increases, a drop in 
starvation-caused mortality may be expected because of increased resource availability. 
Such redistribution of mortality is referred to as compensatory mortality (Anderson and 
Burham 1976, Boyce et al. 1999). However, if a population does not respond to increased 
mortality in a density-dependent fashion, any increase in a particular mortality factor will 
decrease annual survival and become additive.
Additive versus Compensatory Mortality 
Perhaps the most comprehensive investigation of compensatory mortality was that 
conducted on mallards (Anas platyrhynchos; Anderson and Burnham 1976, Burnham and 
Anderson 1984, Nichols et al. 1984). These investigators developed competing, testable
1
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theories of mallard survival (Fig. 1). In their model, they indicated that hunting 
mortality, up to a certain threshold point “c”, could be completely compensatory and not 
affect annual survival rate (Fig. 1). However, when hunting mortality reaches the 
threshold point “c”, any additional mortality becomes additive and reduces annual 






Figure 1. Competing theories of additive and compensatory mortality in populations. 
For compensatory mortality, “c” denotes the threshold point, or, the maximum rate at 
which hunting can occur without affecting survival. Beyond “c” hunting mortality is 
entirely additive and survival will decrease.
The threshold point is defined by the point beyond which other forms o f  mortality stop 
decreasing in response to increases in hunting. This threshold is not a stagnant number 
but may change with yearly variation in density-dependent processes that affect natural 
mortality, such as food limitations (Anderson and Burnham 1976). If hunting is 
completely additive, hunting mortality would immediately decrease survival. Partial 
compensation occurs when the annual survival rate declines from hunting, but declines at
2
Compensatory
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a lower rate than the increase of hunting, thus, is not totally additive. For mallards, 
hunting was found to be completely compensatory in 70% of 23 of the highest quality 
(e.g., large sample size, high band recovery) data sets examined (Burnham and Anderson 
1984). However, these authors acknowledged that the extreme case of complete 
compensation is likely uncommon in populations (Burnham and Anderson 1984).
Examination of the Effects of Hunter Harvests on Wildlife Populations
The relationship between survival and hunting has been examined for several 
other wildlife species with varied results. Compensation of harvest was demonstrated in 
muskrats (Ondatra zibethicus) as long as the harvest was below the threshold point of 65- 
75% of the total population (Clark 1987). Mosby (1969) studied hunted and non-hunted 
populations of grey squirrels (Sciurus carolinensis) and determined similar mortality 
rates for both populations, indicating some compensation. However, northern bobwhite 
(Colinus virginianus), although considered to be resilient against increases in mortality 
due to hunting (Errington 1945), have recently been shown to be impacted by hunting 
(Williams et al. 2004). After a controlled hunt removed 60% of a bobwhite population, 
there was no decrease in natural mortality to compensate for the loss. Annual survival of 
these bobwhites was 20.9% for harvested areas versus 47.9% for non-harvested areas, 
indicating that harvests were additive to natural mortality (Williams et al. 2004). A large 
harvest of 60% was probably beyond the threshold point “c” (Fig. 1), and compensation 
may have occurred at a lower harvest rate. Hunted willow grouse {Lagopus lagopus) also 
showed a lower survival rate due to lack of compensation in hunted vs. non-hunted areas 
(Smith and Willebrand 1999, Pedersen et al. 2004). These and other studies (e.g., 
Bartmann et al. 1992, Gehrt and Fritzell 1999, Gauthier et al. 2001) suggest some
3
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disparity as to whether hunting mortality is additive or compensatory. Ultimately, a 
population’s response to hunting may be species-specific, area-specific, or even time- 
specific.
Implications to Cottontail Mortality
Cottontail rabbits (Sylvilagus spp.) are short-lived and experience high annual 
mortality rates of 75-80% (Trent and Rongstad 1974, Rose 1977, Bond et al. 2000).
Their most obvious ecological role is to function as a prey item for many avian and 
mammalian predators, including hawks and owls (Petersen 1979), coyotes (Canis latrans, 
Gier 1957) and foxes (Vulpes vulpes, Scott and Klimstra 1955). Mortality also can come 
both directly and indirectly from other sources such as disease, resource depletion, severe 
weather (Chapman and Litvaitis 2003), hunting, vehicle collisions (Godin 1977), and any 
combination of these factors.
Cottontails are an ideal species for studies of additive and compensatory mortality 
because: i.) they have a fast turnover rate and density-dependent effects may be observed 
in a short time span, ii.) they do not depend upon conspecifics for survival and can be 
considered independent, and iii.) individuals have relatively small home ranges and they 
are easily monitored.
Although the cottontail has historically been the most popular game animal in the 
United States (Haugen 1942, Dusi 1952, Mosby 1969, Chapman et al. 1982, Chapman 
and Litvaitis 2003), few studies have focused on the impact of hunting on natural 
mortality and survival. Most studies have concluded hunting does not impact future 
cottontail harvests, but do not separate seasonal mortality from other demographic 
processes that may affect abundance such as natality and migrations. For example, Payne
4
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(1964) determined that 75% of a cottontail population could be harvested without 
decreasing future harvest by examining population levels each year. In Michigan, 
hunters took an estimated 50% of a cottontail population; the following year the 
population estimate was nearly the same prior to the hunt (Allen 1938). However, none 
of the aforementioned studies determined what part of the annual population cycle 
adjusted for the hunting loss. Additionally, no density-dependence has been found in the 
reproductive phase of the cottontail, and a change in survival is thought to be the primary 
regulating factor for cottontail populations (Kirkpatrick and Baldwin 1974, Edwards et al. 
1981).
Efforts have been made to separate the demographic processes in populations that 
could affect annual cottontail abundance and harvest. Lord (1963) hypothesized that if 
hunting were closed in an area where hunting previously caused 46% of the mortality of a 
rabbit population, the total mortality rate would decrease by that amount (46%) (i.e., 
completely additive). However, when the area was subsequently closed to hunting, the 
total mortality dropped by only 31%, indicating that hunting was neither completely 
additive nor completely compensatory (Lord 1963). Rose (1977) estimated annual 
cottontail survival using mark-recapture methods and concluded that the average 
mortality rate was higher for cottontails in years with hunting, but mortality rate was not 
correlated with the autumn population after a hunt (Rose 1977). This study illustrated a 
density-dependent response in the cottontail population after a hunt that caused no impact 
to their annual population size, but was not completely compensatory in terms of hunting 
mortality. Walker (2003) used transmitter-equipped cottontails to determine if a 
February hunt resulted in lower survival for hunted vs. non-hunted populations during the
5
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non-breeding season; because there was no substantial difference in survival, he 
concluded that there was no evidence for additive mortality.
In northern areas, cottontails experience a long harvest season (4.5 months), 
which coincides with their seasonal cycle of high natural mortality. Further examination 
into the temporal aspect of hunting and natural mortality factors is warranted to 
determine the mechanisms that influence whether hunting is additive or compensatory for 
cottontails.
Cottontail Vulnerability to Predation
In seasonal environments cottontails experience their highest mortality rates 
during winter (Lewis 1972, Trent and Rongstad 1974, Keith and Bloomer 1993) due to 
seasonal differences in resource quality, predation, and weather extremes (Keith and 
Bloomer 1993, Bond et al. 2000). As herbaceous vegetation dies back in autumn and 
winter, cottontails select dense woody vegetation for food, cover, and temperature 
regulation (Dalke and Sime 1941, Dusi 1952, Keith and Bloomer 1993, Althoff et al. 
1997). During this season, predators are often the most important proximate mortality 
factor for cottontails (Barbour and Litvaitis 1993, Keith and Bloomer 1993, Cox et al. 
1997). Local habitat structure influences use (Morgan and Gates 1983) and subsequent 
mortality through increased predation (Althoff et al. 1997, Cox et al. 1997).
With the onset of low temperatures and increasing snow cover, cottontails become 
more vulnerable to canid predators (Keith and Bloomer 1993). Cox et al. (1997) 
measured vertical foliage density at rabbit kill sites and found cottontails were killed by 
raptors in areas of sparser ground-level foliage than those killed by coyotes. However, 
coyotes killed rabbits in areas similar to the available habitat (Cox et al. 1997).
6
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Cottontails also may experience increased predation due to small habitat patch size; 
cottontails occupying smaller patches had a significantly lower survival rate than those on 
large patches likely because of low availability of high quality understory (Barbour and 
Litvaitis 1993). Sievert and Keith (1985) did not detect habitat differences between 
snowshoe hares (Lepus americanus) killed by avian and mammalian predators.
However, cottontails have less cryptic coloration against snow and higher foot loading 
than snowshoe hares (Keith and Bloomer 1993). Brown and Litvaitis (1995) also 
reported that winter survival of the New England cottontail (Sylvilagus transitionalis; 
NEC) declined with extended periods of snow coverage. Thus, quality and density of 
understory is likely to be important for cottontail survival during winter in relation to 
specific predators.
Because cottontails seem to be more vulnerable to predators in areas with sparse 
vegetation or where they inhabit small patches of preferred habitat, they may also be 
vulnerable to hunters in these areas. However, during a simulated hunt, cottontails were 
difficult to flush from habitat of “poor penetrability” (Anderson 1975, Anderson and 
Pelton 1976), suggesting that cottontails occupying dense, continuous habitat maybe less 
vulnerable than those inhabiting sparse or patchy habitat; however this subject needs 
further study.
Cottontail Hunting at Cape Cod National Seashore
In 2003, Cape Cod National Seashore (CCNS) was sued by animal rights 
organizations opposing hunting within the seashore (Fund for Animals et al. vs. Fran 
Mainella et al., Civil Action 02-11855-PBS). These organizations initially challenged the 
pheasant stocking and hunting program and subsequently argued that the environmental
7
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impact of all hunting needed to be examined to comply with the NEPA (1969). Cape 
Cod National Seashore currently allows rabbit hunting within its boundary consistent 
with the Massachusetts daily cottontail bag limit (5) and hunting season, which spans 
mid-October through the end of February (Division of Fisheries and Wildlife).
Objectives
The lack of information about the population response of cottontails to hunting 
led me to two objectives including: i.) to identify the specific factors contributing to 
mortality of cottontails at CCNS, and ii.) to determine if harvest mortality of cottontails is 
additive or compensatory by comparing survival rates of marked cottontails in areas with 
and without hunting, both during and after the hunting seasons. If compensation occurs, I 
predicted survival to increase after the hunting season among hunted areas relative to 
non-hunted areas because of the increased per individual resources; if no increase in 
survival is observed, then I would conclude additive mortality is likely occurring.
8




Cape Cod National Seashore is located in Barnstable County, Massachusetts (Fig. 
2) and consists mainly of glacial outwash that was deposited 15,000 to 18,000 years ago 
as the Wisconsin glaciers retreated (Oldale and Barlow 1986). The Seashore is 
surrounded by the Atlantic Ocean resulting in a moderate and humid climate; annual 
precipitation is approximately 100 centimeters (Strahler 1966). European settlement in 
the mid-1600s led to deforestation, burning and grazing (Motzkin et al. 2002). Farmland 
abandonment in the mid-1800s left outer Cape Cod dominated by early successional and 
heathland vegetation with some woodlots (Motzkin et al. 2002). Currently, vegetation on 
the outer Cape is dominated by pitch pine and pine-oak forests, but also includes areas of 
upland and lowland shrubs, grasslands and meadows, a variety of wetlands, and dunes 
with sparse vegetation (Godfrey et al. 1978).
Historically, New England cottontails (NEC) were the only rabbit found on Cape 
Cod (Nelson 1909). Eastern cottontails were introduced to Massachusetts in the late 
1800s (Johnston 1972). The recent and dramatic range decline (>80%) of the NEC has 
resulted in this species becoming a candidate for the federal Threatened and Endangered 
species list (Federal Register, September 2006). Considering the dramatic decline of 
NEC throughout New England (Litvaitis 1993), it was important to determine the current 
status and distribution of both cottontail species within the park compared to previous
9
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range estimates. During winter months of 2004-2006, a distributional survey revealed 
that eastern cottontails were widespread throughout the park and there was no evidence 
of NEC beyond Orleans or within CCNS (Boland and Litvaitis 2007; Appendix A). 





Figure 2. Enlarged view of outer Cape Cod, Massachusetts, with Cape Cod National 
Seashore (solid color) in New England.
Although CCNS is over 50 km long on a north-south axis much of that length is 
less than 2 km wide. Approximately 65% of the 10,867 upland hectares of the park are 
open to hunting; however, residential areas and areas with unsuitable cottontail habitat 
(e.g., mature forest) are prevalent and dispersed throughout the Seashore thus hunted and 
non-hunted areas are fragmented throughout the park.
Study sites were selected based on conversations with hunters and CCNS law 
enforcement rangers, recording hunters or hunters vehicles (determined by presence of 
dog crates), and using preliminary data from a hunter survey conducted by Walter
10
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Kuentzel (University of Vermont, personal communication). Study sites were separated 
by a minimum of 3 km to ensure independence. Trapping was focused in two hunted 
areas including High Head and Duck Harbor (Fig. 3) and two areas that were entirely or 
partially closed to hunting including Fort Hill and Air Force Base (Fig. 3). Hunters 
indicated that they did not evenly distribute their hunting effort, but hunted in areas 
known to be most productive (i.e., open areas before leaf-off, thickets during snow 
cover). Because fragmentation of the study areas resulted in relatively small study sites,
5 locations throughout the park were added during the second year of the study to 
increase the size of the collared population; these sites were not heavily trapped for 
subject rabbits due to logistical constraints. The sites added in the second year included 
Airport, South Pamet and Wildlife Management Area as hunted sites, and Doane Rock 
and White Cedar Swamp as non-hunted sites (Fig. 3). Although the habitat among sites 
was variable in composition, size, and spatial arrangement, all sites contained patches of 
shrubby habitat suitable to support rabbits (e.g., scrub oak [Quercus ilicifolia], multiflora 
rose [Rosa multiflora]). Additionally, all sites were embedded in a larger landscape 
where rabbit predators (e.g., foxes and coyotes) occur.
I used rabbit mass (g) separated by sex as an index of habitat suitability and 
compared mass across hunted and non-hunted treatments with a non-parametric 
Wilcoxon rank sum test. Lower mass indicated either a greater proportion of young 
individuals (i.e., greater prior winter mortality) or less availability of high quality browse. 
If mass did not differ, then food and habitat resources were not likely to be a substantial 
cause of variable survival rates, thus, were comparable among treatments.
11
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Figure 3. All sites trapped during 2004-2006 at Cape Cod National Seashore, Barnstable 
County, Massachusetts. Shaded area is the CCNS boundary.
12
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Hunter Distribution
To determine whether study sites accurately reflected hunted areas, between 15 
October 2005 and 28 February 2006 (rabbit hunting season) law enforcement rangers 
were asked to record rabbit hunting events. A rabbit hunting event was determined by 
direct observation of rabbit hunting or an automobile observed in areas open to rabbit 
hunting with dog crates or shotgun cases.
Cottontail Capture and Monitoring
Livetraps (76 cm x 30 cm x 23 cm) were deployed during fall and winter. Traps 
were baited with alfalfa, apples, and apple extract and placed throughout the site in areas 
of dense understory cover. For each captured rabbit, body mass, sex, right-ear length, 
pelage characteristics, breeding status, and presence of ectoparasites were recorded. Prior 
to release, all rabbits were marked with an ear tag and individuals >750 grams were 
fitted with a radio transmitter (23-27 grams). The status (alive/dead) of each marked 
rabbit was intensively monitored at 2 to 3 day intervals during the hunting season (mid- 
October through the end of February) and thereafter at varying intervals (2-14 days) 
outside of the hunting season. Rabbits were monitored during specific periods over two 
years: 1 December 2004 through 30 June 2005 and 15 October 2005 through 30 June 
2006. Cottontails that survived between study periods were considered part of the ‘new’ 
cohort at the onset of season two.
Timing of death was considered the mid-point between day the rabbit was last 
known alive and the day the mortality signal was first detected (Heisey and Fuller 
1985a). The cause of mortality was identified using evidence left at or near the collar. 
Whitewash, feathers, and plucked fur indicated avian-caused mortality, whereas mammal
13
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predators left tracks or teeth marks, brought the rabbit to a den or buried the collar (Trent 
and Rongstad 1974, Cox et al. 1997). Contact information on the collars enabled hunters 
to notify researchers when a rabbit was killed. In addition, if a collar was hung on a 
branch, shattered from a shotgun pellet or cut with a knife, it was considered a hunter- 
kill.
Survival and Cause-specific Mortality
Estimates of survival were computed using program MICROMORT (Heisey and 
Fuller 1985b) that used the sum of the ‘at risk’ rabbits for an interval based on 
“radiodays.” One rabbit alive for one day in the field is equivalent to one radio-day. 
Using a daily interval to estimate survival allowed animals to be entered, removed, or 
censored if their fate was unknown each day. If a rabbit was lost due to radio-failure, 
dispersal beyond range, or removal of a radio-collar, the rabbit was dropped out of the 
analysis or ‘right-censored’ at the mid-point between the day the signal was last detected 
and the next monitoring event. This resulted in a staggered-entry Kaplan-Meier survival 
estimate (Pollock et al. 1989). The daily survival was the proportion of rabbits collared 
or “at risk” that day that survived that day. The product of these survival rates over a 
span of time, say, one year, would be the annual survival estimate. However, a limitation 
of MICROMORT is the arbitrary assignment of an interval (Heisey and Patterson 2006) 
and that it can only handle 100 intervals in one model and my monitoring period spanned 
>100 days. Therefore, prior to entering data into MICROMORT, log-likelihood ratio 
tests were used to determine whether assuming constant daily, weekly, monthly, or 
seasonal (hunting/non-hunting) survival would provide the most parsimonious model.
The chosen model would identify the appropriate interval to utilize in MICROMORT.
14
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For example, if constant survival were assumed over a longer time-interval (e.g., a week) 
the deaths/radiodays would be pooled for that interval and entered into the program. Two 
tailed Z-tests were used to compare survival between years, sexes, sites within a 
treatment (hunted or non-hunted), and treatments.
Survival estimates and cause-specific mortality (i.e., the probability of death due 
to a particular source) was determined for 1 December 2004 through 30 June 2005 (Year 
1) and 15 October 2005 through 30 June 2006 (Year 2). Variation in survival between 
hunting and post-hunting seasons was determined using daily survival estimates due to 
differences in the length of the two primary monitoring periods.
Estimates of cause-specific mortality were based on competing risk analysis 
(Heisey and Fuller 1985a), which is based on the idea that an animal removed by one 
source of mortality is not available to be killed by other sources. Therefore, multiple 
mortality factors must ‘compete’ to cause death, and the removal of one mortality source 
may alter the occurrence of others. A Z-test was used to compare yearly variation in 
mortality of both daily predation and daily hunting rates (Heisey and Fuller 1985b). Log- 
likelihood ratio tests were used to determine if cause-specific mortality rates varied over 
time (months) or were constant for each treatment and year.
Because of the potential for environmental noise and few replicates, my survival 
and mortality comparisons had low statistical power, suggesting an increased probability 
of a Type II error (i.e., failing to detect a difference when one exists; Conroy and 
Krementz 1990). Therefore, I set the alpha-level to 0.10 and P-values at or below this 
number were considered significant.
15
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Population Model
I developed deterministic, density-independent age-structured models to estimate 
the rabbit population growth rate, lambda (X), based on survival and fecundities of 
juvenile and adult cottontails using RAMAS (Ecolab v. 2.0, Setauket, New York; 
Akcakaya et al. 1999). This program uses a Leslie matrix to determine the growth rate 
and projects population change over time. The population is increasing when X> 1, 
stable when X = 1, and the population is in decline when X < 1. Because I did not monitor 
survival for the entire year, I extrapolated survival estimates during the non-monitored 
period using the estimated average daily survival for May and June. For example, if the 
May-June daily survival rate (0.9979) was expanded over the 107 days when monitoring 
did not occur, the span survival would be 0.80. The pooled survival rates for the 
monitored (October 15 through June 30; 0.33) and non-monitored (1 July through 14 
October; 0.80) periods would then be used as annual survival rate in the model. Adult 
female rabbits in Massachusetts have 5 young per litter (Conaway et al. 1974) and have 
3.5 litters in one breeding season resulting in 17.5 young, or 8.75 per adult rabbit. Lord 
(1963) estimated that 27% of the annual crop is produced by the young of year (hereafter 
juveniles); therefore, I estimated that juvenile cottontails produce 2.23 rabbits per year.
In the model, fecundity is defined as the product of the fertility (young/individual) and 
the survival rate, (i.e., those young that live to the next time step); therefore, the survival 
rates used to project population growth also were used to compute age-class fecundity. 
Initial abundances were based on the post-breeding stable age distribution of 1000 
individuals and the model projected 10 years of population growth.
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Based on 47 observational records, hunters were most commonly found at the 
High Head area with 43% of the cottontail hunting events occurring here (Fig. 3). 
Temporal distribution of cottontail hunting indicated that hunting occurred throughout the
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Figure 4. Temporal distribution of cottontail hunting during the 2005-2006 rabbit 
hunting season at Cape Cod National Seashore, Barnstable County, Massachusetts 
(hunting season closed on a Tuesday thus the last week included only four days).
Cottontail Capture and Monitoring
Trapping effort extended from 11 November 2004 through 25 March 2005 
and 9 September 2005 through 17 March 2006. Trap success was 4.2% and 5.6% each 
trapping period, respectively. Of the 176 monitored rabbits, 98 died during the study 
(Appendix B). The ratio of males to females was 0.80:1 in Year 1 and 1.16:1 in Year 2
17
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and did not differ between years (Y2=T.39, P=0.24). The earliest evidence of breeding 
(testes descended) was recorded in late February of Year 1.
During Year 1 ,1 did not detect a difference in mass between hunted and non­
hunted treatments for either males (X=1037 g and 1082 g; JT=0.957, P=0.34) or females 
(X=1064 g and 1067 g; 1F=0.451, P=0.65). During Year 2, there was no difference in 
male weight between hunted and non-hunted treatments (X=996 g and 1016 g; W=0.545, 
P=0.59), but females in hunted areas were lighter than those from non-hunted areas 
(X=1038 g and 1141 g; W= 2.05, P=.04). Because the only difference in mass was for 
females in Year 2, it seemed unlikely that habitat was the cause, but perhaps differential 
survival during Year 1 resulted in larger, older Year 2 females at non-hunted sites. Fully 
grown males are smaller than females, and a difference may not have been detected in 
male rabbits.
Survival and Cause-specific Mortality
Survival was monitored for 78 cottontails in Year 1, and 98 in Year 2 (Appendix 
B). Due to failure to locate a signal, the fates of 16 and 14 rabbits in Year 1 and 2, 
respectively, were unknown (right-censored before the end of the study). No difference 
in survival was detected between males and females in Year 1 (0.12 and 0.14; Z=.17, 
P=0.87) or Year 2 (0.45 and 0.32; Z=1.07, P=0.29).
Log-likelihood ratio tests revealed that the monthly survival model was the most 
parsimonious in Year 1 (Y2=-278.89, df=5, P=0.009) and Year 2 (Y2=-287.64, df=7, 
P<0.001). Therefore, the radiodays and deaths were entered into MICROMORT at 
monthly intervals where daily survival was assumed to be constant. Comparisons of 
survival were based on daily rates because of variable monitoring periods each year.
18
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There were no site-specific differences within hunted or non-hunted treatments,
so rabbits were grouped into these categories for subsequent analyses; however, because
of the small number of rabbits at individual sites, the power to detect site-to-site
differences was low. No variation in survival occurred between treatments during the
hunting season in Year 1 (Table 1; Z=0.70, P=0.48), but survival varied during Year 2
(Table 1; Z=1.87, P=0.06). Within each year, survival during the post-hunting period
differed between the hunted and non-hunted areas (Table 1: Year 1; Z=2.32, P=0.02 and
Year 2; Z=3.13, P=0.002). During Year 2, survival varied between the hunting season
and post-hunting season in the hunted areas (Table 1; Z=3.32, P<0.001).
Table 1. Average daily survival rate for cottontails in sites with and without hunting 
during the 2004-2006 hunting and post-hunting seasons at Cape Cod National Seashore, 
Barnstable County, Massachusetts. Radiodays are in parentheses. Arrows indicate 
differences in survival rates detected between seasons or treatments within each year.









Hunting season season Hunting season season
1 Dec 2004 - 1 Mar - 15 Oct 2005 - 1 M ar-
28 Feb 2005 30 June 2005 28 Feb 2006 30 June 2006
0.98558 0.98622 0.99344 <— —► 0.99831
(1013) (507) (43%) (4122)
0.98884 0.99478 0.99714 0.99575
(1591) (1653) (1433) (1561)
Survival for Year 1 (7 months) was less at hunted areas (0.05) than non-hunted 
areas (0.19) (Fig. 5A; Z=2.07, P=0.038), but survival did not differ between hunted 
( 0 .3 3 )  and non-hunted ( 0 .4 0 )  sites during Year 2 (8 .5  months) (Fig. 5B ; Z = 0 .5 4 4 ,  
P=0.586). Differences in daily survival existed between Year 1 and Year 2 for both 
hunted (Z=3.10, P=0.002) and non-hunted (Z—2.52, P-0.012) sites with lower survival 
observed in Year 1.
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Figure 5. Cumulative daily survival curves for rabbits at hunted and non-hunted sites for 
(A) Year 1 (1 December 2004 through 30 June 2005) and (B) Year 2 (15 October 2005 
thorough 30 June 2006) at Cape Cod National Seashore, Barnstable County, 
Massachusetts.
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During the two study periods, I recorded 98 rabbit deaths that were attributed to 
the following mortality sources: mammalian predator (39), avian predator (23), 
unidentified predator (9), hunting (10), undetermined death (10) and anthropogenic (7). 
Mortalities classified as undetermined included mortalities with no identifiable cause 
(e.g., no evidence of predation, but full carcass recovered). Anthropogenic deaths were 
associated with human structures (e.g., trapped in well), or suspected trap-related 
mortality. Identified mammalian predators were primarily coyotes and foxes. Avian 
predators observed at the study sites included red-tailed hawks (Buteo jamaicensis), 
great-homed owls (Bubo virginianus) and northern harriers (Circus cyaneus). However, 
because identification of predator species was difficult, predators were pooled into 
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Figure 6. Distribution of mortality sources (pooled across hunted and non-hunted sites) 
for Year 1 (2004-2005) and Year 2 (2005-2006) at Cape Cod National Seashore, 
Barnstable County, Massachusetts.
During both years of study, predation was the dominant source of mortality for 
cottontails (71% of combined deaths), and the daily probability of a cottontail being
21
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killed by a predator was higher during Year 1 compared to Year 2 (0.0090 and 0.0024, 
Z=4.56, P<0.001). During the hunting season, there was no difference in the overall 
daily hunting mortality rate between years (0.0020 and 0.0018, Z=0.099, P=0.92). 
However, the power of this test was low due to the limited number of harvested rabbits.
Table 2. Span estimates of predation and hunting mortality of cottontail rabbits at hunted 
and non-hunted areas at Cape Cod National Seashore, Barnstable County, Massachusetts.
Hunted Non-hunted Hunted Non-hunted
Monitoring 1 Dec 2004 - 1 Dec 2004 - 15 Oct 2005- 15 Oct 2005-
Period 30 June 2005 30 June 2005 30 June 2006 30 June 2006






Predation was detected during every month of Year 1 except during June; 
however, sample size was especially low during that month (336 radiodays). The highest 
monthly probability of a cottontail being killed by a hunter was 11% during January of 
Year 2 when 50% (5 out of 10) of the deaths in the hunted areas were due to hunting (Fig. 
7B). Predation and hunting were variable throughout the winter months and, during Year 
2, were not detected during December and February at hunted and non-hunted areas, 
respectively (Figs. 7C and 7D). Mortality generally tapered off during April, May and 
June except in hunted areas during Year 1 where there was a high probability of death 
due to predation (66.4%) during April (Fig. 7A).
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Figure 7. Distribution of the monthly cause-specific predation and hunting rates for cottontail rabbits during Year 1 (1 December 
2004 through 30 June 2005) at (A) Hunted and (B) Non-hunted areas, and Year 2 (15 October 2005 through 30 June 2006) at (C) 
Hunted areas and (D) Non-hunted areas at Cape Cod National Seashore, Barnstable County, Massachusetts.
Population Model
My survival estimates were calculated for 7 and 8.5 months in each year 
respectively. The product of the survival rate obtained from MICROMORT for each 
study period and the constant daily survival rate based on daily survival in May-June for 
the rest of the year was used to calculate the annual survival estimates used in the models 
(Table 3). Fecundities were assumed equal for rabbits >1 (Table 3).
Table 3. Annual survival and fecundity rates used in deterministic model to estimate the 
population growth rate of hunted and non-hunted populations of cottontail rabbits.
Age Class Fecundity Rate
Annual 0 1 2+Survival Rate
Year 1 Hunted 0.05 0.11 0.41 0.41
Year 1 Non- 
hunted 0.15 0.33 1.24 1.24
Year 2 Hunted 0.26 0.58 2,15 2.15
Year 2 Non- 
hunted 0.25 0.56 2.06 2.06
The finite rate of change was negative based on data from Year 1 for both hunted 
(A=0.23) and non-hunted populations (A=0.68) leading to population extinction in < 5 
years for the hunted population and a 98% reduction in the non-hunted population after 
10 years (Fig. 8). During Year 2, a positive growth rate for both hunted (A=l. 18) and 
non-hunted (A=1.14) populations led to a five and three fold increase, respectively, over 
the 10 year projection (Fig. 8).
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Figure 8. Variation in the 10 year projected population growth of rabbits based on 
survival data in hunted and non-hunted areas of Cape Cod National Seashore, Barnstable 
County, Massachusetts.
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CHAPTER 4
DISCUSSION
Cottontail populations at CCNS seem to be similar to other populations in 
northern areas that exhibit seasonal fluctuations in mortality (Lord 1961, Trent and 
Rongstad 1974), have sex ratios close to 1:1 (Allen 1938, Linduska 1947, Lewis 1972, 
Anderson 1975), and initiate breeding before green-up (McDonough 1960, Lord 1963). 
Rabbits rarely seemed in poor condition due to external parasites; however, I found fleas, 
ticks, and ear mites on several individuals. Haugen (1942) and Anderson (1975) made 
similar observations during their cottontail studies.
Considering that the typical survival rate for cottontails in northern areas is -20% 
(Lewis 1972, Trent and Rongstad 1974), the survival observed during the 7 months 
(December-June) of Year 1 was comparable to what a normal population might 
experience over an entire year. However, my survival rates varied greatly between study 
years. I believe that the relatively low survival rates observed in Year 1 were primarily 
caused by the persistence of snow cover. For example, in southwestern Wisconsin the 
combined cottontail survival rates over four winter months (March-April 1971 and 
January-February 1972; Trent and Rongstad 1972) was 47%, whereas my Year 1 
estimates for the same winter months were 7% and 27% at hunted and non-hunted sites, 
respectively.
During the winter months (December-March), variation in winter snowfall was 
pronounced between the two study years. During Year 1 of the study, an atypically large
26
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snowfall (for coastal Massachusetts) occurred in late-January reaching a depth of 25-38 
cm that persisted for nearly two weeks (NOAA 2005). In contrast, during Year 2, snow 
depth reached 15 cm, once in February and again in March. More than twice as many 
days during winter of Year 1 had >2.54 cm of snow on the ground (52 days) than was 
recorded in Year 2 (24 days, Fig. 9).
A binomial regression model revealed that snowfall was a predictor of weekly 
survival (%2 = 4.06, df = 1, P =0.044), but there were yearly differences in weekly 
survival beyond those due to differences in snowfall ( %2 =11-919, df = 1, P <0.001).
20 n
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Figure 9. Days with recorded snow depth of greater than 2.54 cm during winters of 
2004-2005 (Year 1) and 2005-2006 (Year 2) (NOAA 2004-2006).
Snow has been associated with higher mortality in cottontails (Trent and 
Rongstad 1974, Edwards et al. 1981, Erlinge et al. 1984, Keith and Bloomer 1993, Brown 
and Litvaitis 1995) as well as other game species, including ring-necked pheasants 
(Phasianus colchicus\ Homan et al. 2000) and mule deer (Odocoileus hemionus;
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Connolly 1981, Bartmann et al. 1992). In Wisconsin, substantially lower daily survival 
of cottontails was observed during 123 days with snow cover than the 256 days without 
snow (0.9933 versus 0.9967, P=0.047; Trent and Rongstad 1974). During four years of 
study, Brown and Litvaitis (1995) demonstrated a positive correlation (r = 0.92) between 
winter severity (days with >2.5 cm of snow on the ground) and the proportion of 
cottontails killed; although snow was not a significant predictor of the fate of these 
individuals, the authors suggested that there may be implications on the timing of 
mortality. Temporal variation of cottontail survival also was observed in Wisconsin 
during a two-week period of persistent snow cover (20 cm) and a low mean temperature 
(-14°C). During this period over half (5 of 9) of cottontails died; when a week-long bout 
of similar weather occurred two weeks later, 75% of the remaining cottontails died (Keith 
and Bloomer 1993). However, when only temperature or snow was extreme, little 
mortality occurred leading the authors to conclude the combination of these 
environmental extremes increased cottontail mortality (Keith and Bloomer 1993).
Although winter weather was likely the ultimate cause of increased mortality of 
cottontails in these three studies, the proximate cause of mortality was always increased 
predation. Keith and Bloomer (1993) suggested that this increased predation was likely 
facilitated by their brown pelage, high foot-loading, and increased energy demands that 
increased movement and vulnerability of cottontails. Additionally, predators may 
increase lagomorph predation when small mammals are difficult to detect under snow 
(Halpin and Bissonette 1988). Although predation in my study was the leading cause of 
mortality in both years, it was substantially higher during Year 1 when weather was 
extreme and was caused principally by mammalian predators.
28
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Populations living at the edge of their range often exist in smaller populations 
relative to core populations (Williams et al. 2003) and may be more responsive to 
periodic extreme conditions. Using 36 years of cottontail abundance data, Williams et al. 
(2003) found that growth rates varied more for peripheral populations than core 
populations. They attributed this greater variability to relatively stronger relationships of 
growth rates to external factors (i.e., density independent factors; Williams et al. 2003). 
The outer-Cape is a coastal barrier peninsula and therefore limits the range of cottontails. 
If rabbit populations in this area behave similarly to peripheral populations, the large 
yearly variation in survival during my study may have been greater than variation for 
rabbits closer to the core of their range due to the influence of extreme weather.
For New England cottontails, metapopulations are important in sustaining long­
term populations (Litvaitis and Villafuerte 1996). Eastern cottontails are more adapted to 
patchy habitat than their native counterparts; however, in outer Cape Cod, consistent 
‘source’ patches are probably important in the persistence of this relatively isolated 
population. Stochastic weather extremes, acting on a larger metapopulation, have the 
potential to negatively affect survival of the entire population (Harrison and Quinn 1989). 
On a more local scale, the effects of harvest mortality may be influenced by source-sink 
dynamics in the context of animal movement and the spatial arrangement of the hunted 
area (Jonzen et al. 2001, Williams et al. 2004). For example, bobwhite coveys that are 
reduced due to hunting are repopulated by birds from surrounding areas during the winter 
(Williams et al. 2004); this may lead to overharvest if hunters repeatedly visit fragmented 
areas (Williams et al. 2004). CCNS habitat is largely woodland with sparse understory 
(Motzkin et al. 2002), which is not ideal for cottontail production (Chapman and Litvaitis
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2003), but the shrubby protected coastal and wetland habitats at CCNS are suitable for 
eastern cottontails. However, further examination into the spatial dimension of cottontail 
hunting, by measuring hunter, rabbit, and habitat distribution, would increase 
understanding of harvest influence on a cottontail population in this coastal barrier 
landscape.
Timing of Hunting Mortality
The theories of additive and compensatory mortality assumes that hunting 
mortality and natural mortality are temporally separated, and that hunting occurs prior to 
the period of high natural mortality; this is not always the case. Ignoring temporal effects 
of harvest and natural mortality leads to a “black box” view of additivity and 
compensation where the mechanism operating to result in one or the other is not well 
understood (Kokko 2001). Therefore, an examination of the timing of natural mortality 
factors and hunting in relation to survival is warranted. For compensation to occur, 
remaining individuals must benefit from the death of others (i.e., density-dependent gains 
in resource abundance or predator evasion). For example, if density-dependence were 
present in a population, then a high density at the beginning of winter when the carrying 
capacity first drops would more likely exhibit compensation with the removal of 
individuals. However, later in the winter, once the population density is very low, 
competition may be less important and hunting removals may not elicit a density- 
dependent response thus become additive (Kokko 2001). Additionally, if compensation 
is not an immediate response and occurs after the harvest season (i.e., delayed density 
dependence, Sinclair and Pech 1996), examining mortality both during and post-harvest 
season may be necessary to determine the true population response to hunting.
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Because of the variability in weather during the study, as well as the similar, low 
hunting rates between years, inferences about additivity and compensation were limited 
to each year independently. Hunting during the first year only removed two marked 
rabbits, but with the particularly high winter predation rate this may have contributed to 
the lower overall survival rate seen at hunted sites (0.05) compared to the non-hunted 
sites (0.19). During Year 2, no detectable difference in overall survival was noted for 
hunting and non-hunting sites (0.33 and 0.40) even though the hunting mortality rate was 
15%. To be additive, hunting must have decreased survival among hunted sites in 
proportion to the mortality it caused. On the other hand, compensation or partial 
compensation by populations in response to hunting would result in either no decline, or 
a lesser decline in survival. In this study, hunting did not result in a substantially lower 
survival rate for the hunted areas during Year 2, thus, may have been at least partially 
compensated for in the closer to “normal” winter. Because predation was the primary 
mortality factor for all cottontails (>60% of all deaths in Year 2), if compensation was 
occurring, it was likely to be observed as a reduction in the predation rate. Although the 
overall rate of predation seemed lower at the hunting sites than the non-hunting sites 
(32% and 52% respectively; Table 2) in Year 2 and seemed to be the method of 
compensation, no statistical difference was detected (P=0.17). However, large variation 
of the estimates resulting from a small sample size may have masked a true difference 
between these rates.
During a study of mule deer, Bartmann et al. (1992) postulated that when a 
population dips well below what the environment can typically support due to harsh 
weather conditions, any additional mortality, even occurring after the period of severe
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weather, may indeed be additive. When 16-22% of deer were removed from a free 
ranging population, no increase in survival was observed compared to an adjacent control 
population; an increase in survival would be expected if this level of ‘hunting’ was 
compensatory (Bartmann et al. 1992). During harsh winters characterized by deep snow, 
fawn survival was less than 8% on both control and treatment areas and substantially 
lower than the average; however, adult female deer did not experience lower survival 
during these conditions (Bartmann et al. 1992). Predators can elicit density-dependent or 
density-independent change in a prey population (McCullough 1990). If a prey 
population is high relative to carrying capacity, predation rate may increase (density- 
dependence), but if a population is far below carrying capacity, the prey population might 
not have strong density-dependent responses thus predation would become additive 
(McCullough 1990). Because cottontails are more vulnerable to predators during severe 
winter conditions (Chapman and Litvaitis 2003) and may reduce their population below 
the capacity of the environment, I believe that rabbit populations did not compensate for 
mortality that occurred during Year 1 of my study.
Separating out a compensatory response when hunting and natural mortality are 
not temporally separated is complex for animals with extended hunting seasons (Kokko 
2001). In my study area, the rabbit hunting season spans mid-October through February 
(4.5 months) and high natural mortality occurs concurrently with hunting mortality. 
Although we may be able to make inferences about additive and compensatory mortality 
by observing the overall hunting mortality rate and overall survival, it is important to 
consider the timing and mechanism of harvest and compensation (if detected) to be useful 
to wildlife managers and avoid the “black box.” We must not only determine ‘does the
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overall relationship of hunting and survival seem to be additive or compensatory?’ but ‘is 
there a temporal difference in a population’s survival response to hunting throughout a 
season?’. When I separated cause-specific mortality over time (Fig. 7C and 7D), it was 
evident that hunting and natural mortality completely overlapped during the hunting 
season. Logically, natural mortality occurring before hunting could not compensate for 
the hunting mortality because a response (compensation) must happen after an action 
(hunting removals). Because most of the harvest that was detected during this study was 
towards the end of the hunting season, compensation would either have to be exhibited 
immediately in the remaining population, or occur after the hunting season was over. 
During Year 2, hunting season (Oct-Feb) survival was substantially lower at hunted sites 
than in areas that were not hunted. Adding to that, post-hunting season (Mar-Jun) 
survival was substantially higher at the hunted areas than the non-hunted areas during 
Year 2 and higher than the hunting season survival (Table 1). This may indicate that 
compensation was delayed and occurred after the hunting season, which could have been 
caused by the hunting removals. However, during Year 1, post-hunting season survival 
at the hunted sites was substantially lower than at non-hunted sites indicating that 
compensation did not occur at this time (Table 1). As discussed earlier, the extreme 
weather conditions in Year 1 may have resulted in the very low density rabbit population 
that may have been below the threshold of the environment causing any hunting removals 
occurring late in the season to contribute to the overall lower survival and become 
additive, perhaps even leading to depensatory predation (i.e., higher predation rates at 
lower prey density; Fig. 7A) after the hunting season was over. Although rabbits also 
were harvested late in the season during Year 2, the mild weather and higher survival rate
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of these rabbits may have left higher density populations that were able to compensate for 
hunter removals. Of course, the largest sample size was achieved at the hunted sites in 
Year 2 and seasonal differences may have been observed at other sites if sample sizes 
were larger.
Xu et al. (2005) modeled population level responses based on several hunting 
strategies in a seasonal environment. The strategy that was most similar to a rabbit 
hunting season was the 6-months open/6 months closed harvest strategy (Xu et al. 2005). 
To obtain the maximum harvestable population levels, the model that had all hunting 
occurring at the very beginning of the hunting season (initial drop in carrying capacity) 
resulted in optimal yield, but when hunting occurred after .25 or .50 of the hunting season 
had elapsed, maximum yield was drastically reduced, even for highly r-type species (e.g., 
cottontail rabbits); these models allowed for a compensatory response (Xu et al. 2005) 
thus it seemed that compensation weakened later in the season. Perhaps the Year 2 
population would have even greater compensation had the hunting occurred earlier in the 
season.
The timing of cottontail harvests at CCNS coincided with the period of increased 
mortality for cottontails. If hunting during this time period is additive, it would reduce 
the size of the breeding population (Sinclair and Pech 1996). If hunting removes animals 
during the hunting season and compensation occurs before spring, although there may be 
a lower equilibrium population size throughout the winter, it may not greatly impact the 
spring abundance (Boyce et al. 1999). The “doomed surplus” hypothesis applies to 
populations that exhibit a natural seasonal decline in abundance that coincides with 
reduced winter carrying capacity. The decreases in cottontail survival (Fig. 5A and 5B)
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are, logically, correlated with a decrease of individuals remaining at the start of the 
breeding season. The change in cottontail survival in Year 2 was similar to the 
hypothetical compensatory situation in Boyce’s Fig. 10, but the change in survival over 
time in Year 1 more resembles the hypothetical population that exhibits an additive 
response to hunting mortality and declines as such (Fig. 10). However, cottontail hunting 
does not always happen prior to the period of natural mortality or high predation.
Natural mortality1
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Figure 10. Both a harvested and non-harvested population could theoretically have the 
same spring breeding size due to complete compensation resulting from a natural 
seasonal decline (adapted from Boyce et al. 1999).
If additive harvest does occur in rabbit populations how might this impact a rabbit 
population beyond the harvest season? In areas where control of pest populations of 
European rabbits (Orctolagus cuniculus) occurs, models were used to project population 
growth and the most efficient age and time of year to implement control, assuming 
hunting is additive (Smith and Trout 1994). A model predicting low adult survival over 
the winter period (September-late February) due to hunting removals projected the
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longest duration for population recovery. Additionally, if this control was implemented 
during a ‘bad’ year of juvenile survival due to external factors (i.e., weather or disease) it 
could delay the recovery of populations to original levels for as much as 6 years (Smith 
and Trout 1994). Angulo and Villafuerte (2003) also modeled rabbit survival and 
population growth rate and similarly determined late-autumn/winter hunting was most 
disadvantageous to rabbits because of removal of a higher proportion of adults. Extreme 
weather coupled with removal of adult rabbits in winter may result in long-term, 
depressive effects on population levels if compensation does not occur.
Although I did not incorporate seasonality of hunting into my population model, I 
was able to determine the population growth rate for a hypothetical population using the 
survival estimates from the hunted and non-hunted populations of cottontails at CCNS. 
When I incorporated the low survival rates from Year 1 in my population model, the 
population growth rate was negative under both hunting and non-hunting scenarios, 
however, the hunted population crashed in only 5 years whereas the non-hunted 
population exhibited a slower decline. In Year 2, a positive growth rate led to an 
increasing population over the 10 years. These models did not account for density- 
dependence, stochasticity, or age-variation in survival. Realistically, population growth 
will vary over time with periods of decline and recovery, partially based on winter 
severity. Relative to CCNS, if hunting is additive for cottontails in years of extreme 
weather conditions, as it may have been in the first year of my study, the increased 
mortality may prolong recovery of populations to their previous levels.
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Implications of Hunting
Predation by mammals and birds was the major source of cottontail mortality at 
CCNS as it is elsewhere (Trent and Rongstad 1974, Keith and Bloomer 1993, Bond et. al. 
2000, Fritzky 2006). Of the 10 total hunter-killed cottontails over the two hunting 
seasons, four were in the High Head area. The rest were distributed among three 
different areas. Greater than 70% of the observed rabbit hunting occurred in the dunes of 
Truro and Provincetown. The level and distribution of hunting pressure at CCNS does 
not seem to be a large factor of mortality for cottontails during years with average 
snowfall. However, in years with heavy and persistent snow, any additional mortality to 
cottontail populations may be additive. Incidentally, Scheirbaum and Alkon (1963) 
noticed a drop in hunting during winters of heavy snowfall. In comparison to predation 
levels, hunting exerts little influence over cottontails at CCNS.
Cottontail hunting has been observed in several habitat communities within 
CCNS including scrub oak forests, wetlands and especially areas associated with dunes. 
Cascading ecosystem effects of rabbit removal may shift depending on whether rabbit 
populations respond to hunting in an additive or compensatory fashion. The top-down 
impact of removing a primary herbivore may affect the ecosystem by changing the 
vegetation community structure and succession (Cadenasso et al 2002); this would be 
more likely to occur if hunting were additive and caused lower abundances of cottontails. 
However, as vegetation communities’ age and increase in height, primary herbivores may 
lose their ability to effectively keep vegetation growth ‘in check’ (van de Koppel et al. 
1996). Because CCNS has little early successional vegetation, there are very few areas 
available for rabbits to potentially control progression of the ecosystem. Alternatively, if
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hunting is compensated for by a reduction in predation, especially by mammals, the 
generalist predators (e.g., coyotes and foxes) may focus more heavily on alternative prey. 
Because there are no cottontail-specific predators and few young vegetation communities 
at CCNS, the degree to which rabbit hunting may alter the landscape-level ecosystem is 
not likely to be high. I do not believe that the level of cottontail hunting at CCNS is a 
driving influence for the survival and abundance of cottontail populations and, at the 
current level of harvest, is unlikely to have considerable impact on their associated 
habitats or predator communities.
Future Work
To rigorously test the additive and compensatory hypotheses, ideally, I would 
have applied highly variable levels of hunting to randomly-selected large blocks of 
similar habitat (i.e., to reduce site effects) and had several replicates. In my study, due to 
political and logistical constraints, I was unable to control the rabbit hunting levels or 
distribution in the park. When selecting my non-hunting areas, I used areas that were 
‘closed to hunting’ by park regulations, however, these areas were relatively small thus 
hunting could occur adjacent to these areas and indeed resulted in two rabbits being killed 
by a hunter that were part of a ‘non-hunting’ site (Air Force Base) in Year 2; therefore, I 
decided to reclassify that site as hunted during Year 2. Because there was no existing 
data on rabbit hunter distribution, I selected areas that were thought to have some level of 
hunting by park staff but hunting pressure was unknown. My data indicated that rabbit 
hunting was a small proportion of the total mortality.
Field studies comparing hunting to natural mortality are difficult (Connolly 1981). 
Variability in rabbit survival and abundance may be influenced by factors such as habitat
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type and distribution, predator abundance and movement, population size relative to 
carrying capacity, weather and disease. I could not control or measure many of these 
factors but was able to measure the proximate causes of mortality, giving me insight into 
the relationship of the natural mortality factors and hunting. Future research testing the 
additive and compensatory theories relating to rabbits should control for as many of the 
causes of differential population survival to isolate hunting as the primary source of 
variability between areas or years. This could be accomplished by increasing size and 
homogeneity of treatment areas, measuring predator abundance, controlling hunting 
levels, and estimating survival for several years.
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APPENDIX A
STATUS OF COTTONTAILS AT CAPE COD NATIONAL SEASHORE
The recent and dramatic range decline (>80%) of the NEC has resulted in this 
species recently becoming a candidate for the federal Threatened and Endangered species 
list (Federal Register, September 2006). In Massachusetts, the Division of Fisheries and 
Wildlife establish bag limits and hunting seasons. The current bag limit of 5 cottontail 
rabbits per day does not distinguish eastern from New England cottontails. However, 
because of differences in habitat requirements and behavioral response to predators 
(Smith and Litvaitis 2000), there may be differences in hunting pressure for NEC and 
eastern cottontails. Because of the substantial time lag in records of NEC the primary 
objective is to determine the occurrence and distribution of cottontail species at the park. 
This will be accomplished by analyzing DNA material from cottontail fecal pellets 
collected throughout the park.
Methods 
Pellet collection protocol
Species of cottontails can be discriminated using fecal pellet DNA (Kovach et al. 
2003). Using fecal pellet sampling as an inventory method for lagomorphs has 
advantages over traditional methods, such as live trapping or hunter surveys, by being 
more cost and time-efficient (Kovach et al. 2003). DNA from fecal pellets has 
consistently allowed investigators to determine the specific identity of cottontails when 
pellets were collected under circumstances that prevented spoilage or contamination
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(Kovach et al. 2003). Specifically, rabbits consume more woody twigs of trees and 
shrubs that are fiber rich during winter (Dalke and Sime 1941). As a result, more 
epithelial cells are shed from the intestine walls as fecal material passes. This yields 
higher concentrations of extractable DNA than can be obtained from pellets deposited 
during other seasons (Kovach et al. 2003). Additionally, low temperatures in winter 
decrease the likelihood that DNA will degrade before extraction (Kovach et al. 2003).
Pellets were collected from suitable habitats, especially sites with dense 
understory vegetation (Fay and Chandler 1955, Barbour and Litvaitis 1993). This 
included sites dominated by scrub oak (Quercus ilicifolia), green briar (Smilax sp.), 
bayberry (Morelia pennsylvanica), blueberry (Vaccinium sp.), black locust (Robinia 
pseudoacacia), and rose (Rosa sp.). Because it was not feasible to search every suitable 
area, a subset of areas distributed from Chatham to Provincetown was selected based on 
quality of habitat (dense understory) and size (>2ha). Litvaitis (1993) found that NEC 
occupied patches ranging from 0.2 to >15 ha, but very small patches (<2 ha) were 
inherently volatile (Barbour and Litvaitis 1993, Villafuerte et al. 1997). Therefore, an 
attempt was made to avoid areas containing less than 2 ha of dense understory vegetation. 
The 2000 Cape Cod National Seashore vegetation map (Sneddon and Zaremba 2004) was 
used to determine suitable areas with high stem density to search for NEC. In addition to 
using the vegetation map to identify suitable NEC areas, park staff searched areas 
identified by roadside survey or previous experience that included a host of dense upland 
and wetland shrubs. Because the 2003 pellet surveys conducted by Litvaitis et al. (2006) 
revealed NEC to be in Brewster, an additional pellet collection was done in 2006 in areas 
between the Brewster locations to CCNS.
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In each area sampled, field personnel began the pellet collection process by 
looking for indication of rabbit presence either in the form of pellets, clipped twigs or, if 
snow was present, rabbit tracks. Twigs clipped at a clean 45° angle less than 1 meter 
from ground level is an indication of rabbit browse. Once rabbit presence was confirmed, 
the researcher(s) began a search for fresh rabbit pellets. Rabbit pellets were considered 
fresh if they were on top of a recent snowfall (Kovach et al. 2003), or in the absence of 
snow, the pellets were light brown in color and dry (J. Litvaitis, personal 
communication). The search for pellets continued until fresh pellets were located.
Pellets were collected using fresh latex gloves and placed in a sterile plastic vial.
Because some of the densely vegetated areas were greater than 10 ha with some as large 
as 50 ha (e.g., Ocean View Drive, Wellfleet), a minimum of three vials of pellets was 
collected 70 to 100 meters apart in these large areas to sample different rabbits. 
Occasionally, only one or two vials were collected due to difficulties locating enough 
samples or small patch size. Each vial (sample) contained 3-6 pellets collected in close 
proximity to each other (within a few meters of each other) that provided additional 
pellets should a pellet lack extractable DNA material. General habitat and vegetation 
composition, snow presence/absence, and location coordinates were recorded for each 
pellet collection point. The collected pellets were kept in a cooler at a temperature near 
or below freezing until returned to the Cape Cod National Seashore North Atlantic 
Coastal Laboratory (NACL) the same day of collection. The samples were then placed in 
a storage freezer at NACL. Subsequently, the samples were packed in coolers with ice 
packs, and brought to the University of New Hampshire. There, the samples were 
immediately placed in a freezer to preserve DNA until extraction.
50
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
In addition to the pellet survey, five sites were trapped to verify rabbit presence 
and identification during February 2005 and mid-March through mid-April of 2006. The 
five areas included Herring Cove, Clapps Pond, Marconi, Longnook and Collins Fire 
Road. In each of these areas between 4 and 9 traps were placed within suitable habitat 
until a rabbit was successfully captured and identified. During the trapping interval, all 
sites had captured at least one rabbit.
Laboratory protocol
During September and October of 2004 as well as March of 2005 and 2006, DNA 
extraction and analysis was performed at the University of New Hampshire. No more 
than 10 samples were processed at one time. Under sterile conditions and using latex 
gloves, one pellet from each vial was removed from the freezer. Using a QIAamp® Stool 
Mini Kit, DNA material was extracted from each fecal pellet. A combination of the 
protocol for “DNA Isolation from Large Amounts of Stool” on p.29 and “Isolation of 
DNA from Stool for Human DNA Analysis” on p.26 in the QIAamp® handbook was 
used to extract DNA from rabbit pellets with slight modification (Kovach et al. 2003).
The basic procedure involved adding an ASL buffer to each pellet to break apart cell 
membranes. After the lysate was separated from pellet and unwanted material discarded, 
one InhibitEx tablet was added to each sample to remove PCR inhibitors. An enzyme 
was then added to the remaining liquid to release DNA material from proteins. QIAamp 
spin columns were used to purify DNA material. After DNA extraction was complete, 
the vials of DNA were refrigerated at 4°C until processing occurred. Amplification of a 
portion of the mitochondrial genome by PCR was run on a gel and specific identity of 
cottontails was attained by sequencing (Litvaitis and Litvaitis 1996). If a sample did not
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produce enough DNA to determine species, another pellet from the same vial was taken 
and DNA was extracted from that pellet and analyzed.
Results
Pellet collections at CCNS were conducted during February 2004, February - 
March 2005, and January - March 2006. Due to lack of persistent snow during 
collections, only ~50% of pellet collections occurred with snow cover on the ground. 
Towns searched included Brewster, Chatham, Orleans, Eastham, Wellfleet, Truro and 
Provincetown (Fig. Al 1). Of the areas searched, 149 vials were collected and analyzed; 
however, we failed to find pellets in 12 areas (Table A4). Pellet collections were 
disproportionately higher in towns that contained either a larger proportion of suitable 
habitat or greater park acreage within the town: Brewster (8 samples), Chatham (3 
samples), Orleans (19 samples), Eastham (20 samples), Wellfleet (40 samples), Truro (39 
samples) and Provincetown (20 samples). The maps also portrays six points from a 2003 
pellet collection for Brewster that contained two records of New England cottontail and 
was the geographical starting point for the current survey.
Of the samples collected, 142 (95%) were determined to be eastern cottontail, six 
samples (4%) were contaminated, and one pellet (1%) collected in Orleans contained 
New England cottontail DNA. The patch determined to contain an NEC pellet was 
located approximately 4 kilometers southwest of the CCNS boundary (Figure Al 1). 
Lagomorph species captured in traps included five eastern cottontails (Clapps, Herring 
Cove, Marconi and Longnook) and one snowshoe hare (Collins Fire Road). No pellets 
collected within CCNS were identified as New England cottontail. A more 
comprehensive summary of this report is detailed in Boland and Litvaitis (2007).
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Table A4. Pellet collection points from 2004 through 2006 in Barnstable County, 
Massachusetts. Includes part of 2003 pellet collection in Brewster (A-F). Asterisk 
indicates contaminated sample. Eastern cottontail=EC, New England cottontailANEC
Point Location Town Easting Northing Pellets Collected? Year Specie
1 High Toss Wellfleet 412498 4644074 yes 2004 EC
2 High Toss Wellfleet 412691 4644207 yes 2004 EC
3 High Toss Wellfleet 412817 4644040 yes 2004 EC
4 High Toss Wellfleet 412881 4644020 yes 2004 EC
5 High Toss Wellfleet 412696 4644038 yes 2004 EC
6 High Toss Wellfleet 412951 4643991 yes 2004 EC
7 High Toss Wellfleet 412332 4644038 yes 2004 EC
8 High Toss Wellfleet 413278 4644259 yes 2004 EC
9 High Toss Wellfleet 413268 4644259 yes 2004 EC
10 High Toss Wellfleet 413184 4644253 yes 2004 EC
11 High Toss Wellfleet 413046 4644300 yes 2004 EC
12 Fort Hill Eastham 420226 4630075 yes 2004 EC
13 Fort Hill Eastham 420207 4630184 yes 2004 EC
14 Fort Hili Eastham 420162 4630289 yes 2004 EC
15 Fort Hill Eastham 419880 4630008 yes 2004 EC
16 Salt Pond Eastham 419604 4632215 yes 2004 no*
17 Ocean View Eastham 421144 4633776 yes 2004 EC
18 Ocean View Eastham 421220 4633706 yes 2004 EC
19 Ocean View Eastham 421170 4633882 yes 2004 EC
20 Nauset Eastham 420108 4633352 yes 2004 EC
21 White Crest Wellfleet 418635 4642926 yes 2004 EC
22 White Crest Wellfleet 418642 4642916 yes 2004 EC
23 White Crest Wellfleet 418748 4642627 yes 2004 EC
24 White Crest Wellfleet 418410 4643674 yes 2004 EC
25 White Crest Wellfleet 418324 4643901 yes 2004 EC
26 Lombard Hollow Truro 412466 4646573 yes 2004 EC
27 Lombard Hollow Truro 412597 4646619 yes 2004 EC
28 Newcomb Hollow Wellfleet 417339 4646180 yes 2004 EC
29 Newcomb Hollow Wellfleet 417255 4646286 yes 2004 EC
30 Newcomb Hollow Wellfleet 417217 4646367 yes 2004 EC
31 Gull Pond Road Wellfleet 414451 4644515 yes 2004 no*
32 Gull Pond Road Wellfleet 414559 4644541 yes 2004 no*
33 Gull Pond Road Wellfleet 414774 4644582 yes 2004 no*
34 Gull Pond Road Wellfleet 414767 4644582 yes 2004 no*
35 High Toss Wellfleet 413058 4644563 yes 2004 EC
36 High Toss Wellfleet 412849 4644618 yes 2004 EC
37 Fisher Road Truro 411065 4648517 yes 2004 EC
38 F i s h e r  R o a d T r u r o 4 1 1 1 1 5 4 6 4 8 6 0 9 y e s 2 0 0 4 EC
39 North Pamet Truro 414877 4650691 yes 2004 EC
40 North Pamet Truro 414878 4650741 yes 2004 EC
41 North Pamet Truro 414869 4651018 yes 2004 EC
42 Longnook Truro 414084 4652459 yes 2004 EC
43 Longnook Truro 413988 4652485 yes 2004 EC
44 Longnook Truro 413977 4652386 yes 2004 EC
45 High Head Truro 407938 4656676 yes 2004 EC
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Table A4 (continued).______     ■
Pellets
Point Location Town Easting Northing Collected? Year ID
46 High Head Truro 407973 4656731 yes 2004 EC
47 High Head Truro 408072 4656770 yes 2004 EC
48 High Head Truro 407796 4656585 yes 2004 EC
49 Herring Cove Provincetown 399932 4655029 yes 2004 EC
50 Herring Cove Provincetown 400027 4655056 yes 2004 EC
51 Marconi Site Wellfleet 419382 4640598 yes 2004 EC
52 Marconi Site Wellfleet 419361 4640506 yes 2004 EC
53 Marconi Site Wellfleet 419371 4640367 yes 2004 EC
54 Golf Course Truro 411809 4654652 yes 2004 EC
55 Golf Course Truro 411861 4654741 yes 2004 EC
56 Golf Course Truro 411944 4654817 yes 2004 EC
57 Golf Course Truro 412078 4654816 yes 2004 EC
58 Golf Course Truro 412178 4654740 yes 2004 EC
59 Moon Pond Truro 407666 4656452 yes 2004 EC
60 Moon Pond Truro 407674 4656423 yes 2004 EC
61 Moon Pond Truro 407708 4656333 yes 2004 EC
62 Moon Pond Truro 407795 4656163 yes 2004 EC
63 Salt Meadow Truro 407980 4656944 yes 2004 EC
64 Salt Meadow Truro 408084 4656986 yes 2004 EC
65 Salt Meadow Truro 408174 4656796 yes 2004 EC
66 Nauset Eastham 420085 4633206 yes 2004 EC
67 Nauset Eastham 420091 4633311 yes 2004 EC
68 Salt Pond Eastham 419540 4632358 yes 2004 EC
69 Gov. Prence Rd Eastham 419257 4630100 yes 2004 EC
70 Frostfish Orleans 419032 4624779 yes 2004 EC
71 Frostfish Orleans 418771 4625149 yes 2004 EC
72 Frostfish Orleans 419151 4624879 yes 2004 EC
73 Little Pochet Orleans 422343 4623909 yes 2004 EC
74 Little Pochet Orleans 422394 4624775 yes 2004 EC
75 Little Pochet Orleans 422211 4624037 yes 2004 EC
76 Orleans Watershed Orleans 417727 4624476 yes 2004 EC
77 Orleans Watershed Orleans 417644 4624508 yes 2004 EC
78 Grassy Pond Provincetown 402101 4657717 yes 2004 EC
79 Grassy Pond Provincetown 401803 4657764 yes 2004 EC
80 Grassy Pond Provincetown 401703 4657827 yes 2004 EC
81 Beech Forest Provincetown 401090 4657709 yes 2004 EC
82 Beech Forest Provincetown 401042 4657596 yes 2004 EC
83 Beech Forest Provincetown 401215 4657646 yes 2004 EC
84 Shank Painter Provincetown 400758 4655838 yes 2004 EC
85 Shank Painter Provincetown 400726 4655857 yes 2004 EC
86 S h a n k  P a i n t e r P r o v i n c e t o w n 4 0 0 8 0 3 4 6 5 5 7 7 3 yes 2 0 0 4 EC
87 Morris Island Chatham 420253 4612245 yes 2004 EC
88 Morris Island Chatham 419840 4611883 yes 2004 EC
89 Morris Island Chatham 419732 4611983 yes 2004 EC
90 Orleans Watershed Orleans 417765 4624436 yes 2004 EC
91 Gull Pond Road 2 Wellfleet 414692 4644572 yes 2005 EC
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Table A4 (continued)._________  ._______________
Pellets
Point Location Town Easting Northing Collected? Year ID
92 Salt Pond 2 Eastham 419625 4632222 yes 2005 EC
93 Salt Meadow South Truro 409793 4656348 yes 2005 EC
94 Montanos Truro 409633 4655432 yes 2005 EC
95 South Pamet Truro 413971 4649534 yes 2005 EC
96 Great Pond Truro Truro 414690 4647209 yes 2005 EC
97 Marconi South Wellfleet 420430 4636902 yes 2005 EC
98 Freshbrook Wellfleet 419150 4638121 yes 2005 EC
99 LeCount Wellfleet 418550 4642068 yes 2005 EC
100 Gull Pond Upper Wellfleet 415512 4644843 yes 2005 EC
101 Dike Road Provincetown 399252 4657369 yes 2005 EC
102 Provincelands Gate Provincetown 399321 4656292 yes 2005 EC
103 Snail Road Provincetown 403121 4657706 yes 2005 EC
104 Blacksmith Shop Truro 412969 4649874 yes 2005 EC
105 Great Island Wellfleet 411599 4640836 no 2005 n/a
106 Black Pond Wellfleet 414871 4645929 no 2005 n/a
107 Powerline Wellfleet 416525 4642683 no 2005 n/a
108 Turtle Pond Wellfleet 416588 4643623 no 2005 n/a
109 Pasture Pond Provincetown 399891 4657138 no 2005 n/a
110 Collins Road Truro 414634 4649219 yes 2005 EC
111 Clapps Provincetown 400258 4656709 yes 2005 EC
112 Horseleech Wellfleet 416730 4646611 yes 2005 EC
113 Collins Dune Truro 415948 4649082 yes 2005 EC
114 Collins Woods Truro 415658 4648581 no 2005 n/a
115 Old Biolab Truro 416509 4647743 no 2005 n/a
116 Route 6 wetland Provincetown 403286 4657643 yes 2005 EC
117 Swamp Road Brewster 408948 4623730 yes 2006 EC
118 Vet Hospital Brewster 411248 4624077 yes 2006 EC
119 Mini-golf Brewster 411480 4624054 yes 2006 EC
120 Thad Ellis bike Brewster 412173 4624244 yes 2006 EC
121 Ocean Resort Brewster 412333 4624422 yes 2006 EC
122 Sachem Drive Brewster 412706 4624851 yes 2006 EC
123 Repetory Theatre Brewster 413822 4625656 yes 2006 EC
124 Namskaket Farm Brewster 414801 4625850 yes 2006 EC
125 P. Press Orleans 415846 4625864 yes 2006 EC
126 Curves Orleans 416162 4625691 yes 2006 EC
127 Skaket Beach Orleans 416003 4627014 yes 2006 EC
128 Cedar Pond Orleans 417373 4627314 yes 2006 NEC
129 Stop and Shop Orleans 418017 4627507 yes 2006 EC
130 Boat Meadow Eastham 418150 4628219 yes 2006 EC
131 Farm Stand Eastham 418662 4628504 yes 2006 EC
1 3 2 Eastham Vet Eastham 4 1 8 8 9 6 4 6 2 8 8 5 5 yes 2006 EC
133 Blue Heron Eastham 419336 4629838 yes 2006 EC
134 GP Road Eastham 418810 4630000 yes 2006 EC
135 Mill Road Eastham 418699 4632110 yes 2006 EC
136 Meadow Way Orleans 420844 4626583 yes 2006 EC
137 Juniper Hill Orleans 420373 4628384 yes 2006 EC
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Table A4 (continued).
Point Location Town Easting Northing
Pellets
C ollected? Year ID
138 Megs Lane Orleans 418648 4625308 yes 2006 EC
139 Oldfield Road Orleans 420461 4624411 yes 2006 EC
140 Pau Wah Orleans 419526 4623239 yes 2006 EC
141 Drive-In Wellfleet 417609 4636539 yes 2006 EC
142 Moby Dicks Wellfleet 414358 4643861 yes 2006 EC
143 Chequessett Neck Wellfleet 414104 4643338 yes 2006 EC
144 Gull Pond Road Wellfleet 414430 4644553 yes 2006 EC
145 Herring River Wellfleet 414701 4645697 yes 2006 EC
146 Wellfleet swamp Wellfleet 412351 4646151 yes 2006 no*
147 Pamet River Truro 414665 4650489 yes 2006 EC
148 Castle Truro 412334 4649949 yes 2006 EC
149 Bayberry Truro 412013 4651010 yes 2006 EC
150 Corn Hill Truro 410765 4650403 yes 2006 EC
151 Foss Provincetown 403890 4657653 yes 2006 EC
152 Whistle Provincetown 403423 4657654 yes 2006 EC
153 Telegraph Hill Provincetown 400276 4655509 yes 2006 EC
154 Grass Pond Provincetown 402358 4658051 yes 2006 EC
155 Higgins Truro 414203 4651879 yes 2006 EC
156 Holsberry Truro 412475 4648487 yes 2006 EC
157 Shank Painter Pond Provincetown 399848 4655783 no 2006 n/a
158 Vesper Pond Drive Brewster 415817 4624921 no 2006 n/a
159 Linell Landing Brewster 413694 4625792 no 2006 n/a
160 Ocean View 425 Wellfleet 418163 4642226 no 2006 n/a
161 Featherbed Swamp Truro 415530 4647975 no 2006 n/a
A Pet Supplies Brewster 415972 4625292 yes 2003 EC
B Cranberry Cove Brewster 414995 4625461 yes 2003 EC
C Coldwell Banker Brewster 412243 4624532 yes 2003 EC
D Cape Cod B and T Brewster 411496 4624270 yes 2003 NEC
E Brier Road Brewster 408472 4623423 yes 2003 NEC
F Stonehenge Way Brewster 410766 4624038 yes 2003 EC
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Figure Al l .  Distribution of lagomorphs identified in labeled towns during 2003-2006 
distributional surveys on outer Cape Cod, Barnstable County, Massachusetts.
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APPENDIX B
INDEX OF ALL COTTONTAILS CAPTURED AT CAPE COD NATIONAL 
SEASHORE, BARNSTABLE COUNTY, MA
' First 





Location Fate Cause of Death
12/01/04 003 F Salt Meadow 1020 02/15/05 Mortality Hunting
12/01/04 004 F Air Force Base 1100 12/28/04 Mortality Anthropogenic
12/01/04 006 M Salt Meadow 1000 01/19/05 Mortality Mammalian
12/01/04 009 F Salt Meadow 1100 04/03/05 Mortality Unidentified predation
12/01/04 011 F Air Force Base 860 01/02/05 Mortality Mammalian
12/01/04 012 M Fort Hill 1030 02/28/05 Mortality Mammalian
12/01/04 016 F Fort Hill 1250 03/19/05 Mortality Avian
12/01/04 019 F Fort Hill 1100 06/30/05 Survived Survived
12/01/04 021 M Air Force Base 1250 01/09/05 Mortality Avian
12/01/04 023 U Duck Harbor 1290 01/24/05 Censor Missing
12/01/04 024 F Duck Harbor 1040 01/24/05 Censor Missing
12/01/04 026 M Air Force Base 1000 02/05/05 Censor Slipped collar
12/01/04 027 F Air Force Base 850 01/09/05 Mortality Undetermined death
12/01/04 028 F Air Force Base 1110 01/26/05 Mortality Mammalian
12/01/04 030 U Air Force Base 870 01/23/05 Mortality Mammalian
12/01/04 033 F Air Force Base 1060 04/23/05 Censor Removed collar
12/01/04 035 F Duck Harbor 1140 01/03/05 Censor Radio failed
12/01/04 036 F Duck Harbor 1260 12/18/04 Mortality Mammalian
12/01/04 037 F Salt Meadow 910 12/04/04 Mortality Avian
12/01/04 038 U Fort Hill 1150 12/04/04 Mortality Mammalian
12/01/04 039 F Salt Meadow 1290 03/18/05 Mortality Avian
12/01/04 043 M Fort Hill 1000 04/05/05 Mortality Avian
12/03/04 029 M Salt Meadow 1250 01/24/05 Mortality Mammalian
12/03/04 041 F Salt Meadow 890 12/25/04 Mortality Unidentified Predation
12/06/04 017 F Air Force Base 1200 12/20/04 Mortality Undetermined death
12/06/04 032 M Air Force Base 1260 01/30/05 Mortality Mammalian
12/06/04 042 U Fort Hill 1100 03/23/05 Censor Missing
12/06/04 048 F Fort Hill 970 05/14/05 Mortality Mammalian
12/08/04 010 M Duck Harbor 1080 03/13/05 Mortality Avian
12/08/04 046 M Salt Meadow 1150 12/16/04 Mortality Mammalian
12/08/04 047 F Salt Meadow 940 04/17/05 Mortality Avian
12/10/04 066 F Air Force Base 1140 01/08/05 Censor Missing
12/15/04 054 F Salt Meadow 1550 05/04/05 Censor Missing
12/15/04 064 F Duck Harbor 1050 02/25/05 Mortality Hunting
01/02/05 022 M Fort Hill 1110 06/30/05 Survived Survived
01/03/05 044 F Fort Hill 790 01/31/05 Mortality Unidentified predation
01/03/05 051 F Air Force Base 1380 01/26/05 Mortality Anthropogenic
01/04/05 058 M Fort Hill 1290 01/15/05 Mortality Mammalian
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APPENDIX B (continued).
Initial
Study First Weight Last
Year Location ID Sex Site (g) Location Fate Cause of Death
1 01/08/05 056 M Air Force Base 1000 05/25/05 Censor Radio failed
1 01/08/05 060 F Fort Hill 1020 04/06/05 Censor Missing
1 01/12/05 063 M Duck Harbor 1160 04/09/05 Mortality Mammalian
1 01/13/05 053 F Duck Harbor 1160 02/10/05 Mortality Mammalian
1 01/14/05 040 F Fort Hill 1240 04/29/05 Censor Radio failed
1 01/14/05 055 M Fort Hill 1220 06/30/05 Survived Survived
1 01/15/05 061 M Fort Hill 1260 04/29/05 Mortality Mammalian
1 01/18/05 081 F Fort Hill 970 03/18/05 Mortality Unidentified predation
1 01/20/05 059 F Air Force Base 1000 02/11/05 Mortality Avian
1 01/31/05 062 M Air Force Base 1020 02/17/05 Mortality Mammalian
1 01/31/05 068 M Duck Harbor 750 02/02/05 Mortality Anthropogenic
1 02/01/05 045 M Air Force Base 1070 04/07/05 Censor Missing
1 02/01/05 049 F Air Force Base 970 02/25/05 Mortality Mammalian
1 02/01/05 052 M Salt Meadow 920 04/03/05 Mortality Avian
1 02/02/05 050 M Air Force Base 1170 02/08/05 Mortality Mammalian
1 02/03/05 065 M Air Force Base 1030 06/09/05 Censor Missing
1 02/15/05 070 M Air Force Base 1080 02/17/05 Mortality Anthropogenic
02/16/05 057 M Fort Hill 1170 03/18/05 Mortality Avian
1 02/17/05 071 M Fort Hill 960 04/02/05 Mortality Mammalian
1 02/17/05 072 F Duck Harbor 1050 03/30/05 Mortality Mammalian
1 02/17/05 074 F Duck Harbor 1020 02/28/05 Mortality Mammalian
1 02/18/05 083 M Fort Hill 960 03/05/05 Mortality Avian
1 02/23/05 078 M Duck Harbor 980 02/24/05 Mortality Mammalian
1 02/23/05 082 M Duck Harbor 960 03/13/05 Mortality Mammalian
1 02/24/05 099 M Duck Harbor 950 02/25/05 Mortality Avian
1 02/24/05 100 F Duck Harbor 890 02/25/05 Mortality Mammalian
1 03/04/05 085 F Duck Harbor 900 03/04/05 Mortality Anthropogenic
1 03/10/05 087 F Fort Hill 970 03/13/05 Mortality Mammalian
1 03/19/05 090 M Duck Harbor 1110 04/18/05 Mortality Mammalian
1 03/23/05 089 M Duck Harbor 1140 06/09/05 Censor Missing
1 03/24/05 077 F Fort Hill 1080 06/30/05 Survived Survived
1 03/24/05 097 F Duck Harbor 890 06/30/05 Survived Survived
1 03/25/05 075 F Air Force Base 1160 06/19/05 Censor Radio failed
1 03/25/05 088 M Air Force Base 1000 06/30/05 Survived Survived
1 03/25/05 098 F Air Force Base 1100 03/31/05 Mortality Avian
1 03/26/05 079 F Fort Hill 1150 06/30/05 Survived Survived
1 03/31/05 096 M Air Force Base 900 04/20/05 Censor Missing
1 04/14/05 076 F Fort Hill 1150 06/30/05 Survived Survived
1 04/22/05 080 M Fort Hill 960 06/30/05 Survived Survived
1 04/28/05 093 F Fort Hill 1000 06/30/05 Survived Survived
2 10/15/05 022* M Fort Hill 1110 12/03/05 Censor Missing
2 10/15/05 025* M Salt Meadow 1110 01/26/06 Mortality Undetermined death
2 10/15/05 055* M Fort Hill 1220 05/20/06 Censor Missing
2 10/15/05 077* F Fort Hill 1080 12/10/05 Censor Missing
2 10/15/05 093* F Fort Hill 1000 11/22/05 Mortality Avian
2 10/15/05 094 F Air Force Base 850 04/29/06 Censor Missing
2 10/15/05 097* F Duck Harbor 890 01/06/06 Mortality Avian
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APPENDIX B (continued).
Initial
Study First Weight Last
Year Location ID Sex Site (g) Location Fate Cause of Death
2 10/15/05 105 M Air Force Base 925 03/21/06 Mortality Avian
2 10/15/05 107 M Marconi WMA 775 01/05/06 Mortality Hunting
2 10/15/05 119 M Air Force Base 800 05/12/06 Censor Missing
2 10/15/05 120 U Marconi WMA 875 01/05/06 Mortality Hunting
2 10/15/05 121 F Salt Meadow 750 10/18/05 Mortality Avian
2 10/15/05 124 F Air Force Base 1225 01/07/06 Mortality Hunting
2 10/15/05 125 F Duck Harbor 1050 06/30/06 Survived Survived
2 10/18/05 113 F Salt Meadow 850 06/30/06 Survived Survived
2 10/18/05 116 F Air Force Base 1200 12/29/05 Censor Missing
2 10/19/05 084 M Air Force Base 850 10/26/05 Mortality Mammalian
2 10/19/05 114 M Salt Meadow 1170 06/05/06 Mortality Mammalian
2 10/19/05 117 M Salt Meadow 750 01/07/06 Mortality Mammalian
2 10/20/05 092 U Marconi WMA 950 03/31/06 Mortality Unidentified predation
2 10/20/05 106 M Air Force Base 900 06/30/06 Survived Survived
2 10/21/05 091 M Salt Meadow 1150 02/16/06 Mortality Unidentified predation
2 10/27/05 111 F Airport 950 06/30/06 Survived Survived
2 10/28/05 115 F Salt Meadow 1100 11/17/05 Mortality Undetermined death
2 10/29/05 110 U Air Force Base 850 10/30/05 Mortality Anthropogenic
2 10/31/05 108 F Fort Hill 1150 06/30/06 Survived Survived
2 11/01/05 122 F Duck Harbor 1125 06/30/06 Survived Survived
2 11/01/05 139 M Salt Meadow 800 06/30/06 Survived Survived
2 11/02/05 101 F Duck Harbor 925 12/06/05 Mortality Undetermined death
2 11/02/05 104 F Salt Meadow 800 11/02/05 Mortality Hunting
2 11/02/05 109 F Airport 1475 06/30/06 Survived Survived
2 11/03/05 103 F Air Force Base 1000 01/07/06 Mortality Hunting
2 11/08/05 102 M Air Force Base 1250 02/14/06 Mortality Mammalian
2 11/09/05 086 M Salt Meadow 1150 06/30/06 Survived Survived
2 11/09/05 126 M Fort Hill 875 03/14/06 Mortality Avian
2 11/09/05 128 F Fort Hill 900 03/16/06 Mortality Avian
2 11/10/05 129 F Salt Meadow 1100 11/13/05 Mortality Anthropogenic
2 11/15/05 130 F South Pamet 1175 06/30/06 Survived Survived
2 11/15/05 135 U Fort Hill 950 03/07/06 Mortality Avian
2 11/15/05 136 M Fort Hill 1025 12/03/05 Mortality Mammalian
2 11/16/05 127 U Salt Meadow 1150 11/16/05 Mortality Hunting
2 11/17/05 133 F Salt Meadow 1025 02/04/06 Mortality Hunting
2 11/28/05 132 F Doane Rock 1125 06/30/06 Survived Survived
2 11/28/05 138 M White Cedar 775 01/27/06 Censor Missing
2 12/07/05 147 M South Pamet 1025 06/30/06 Survived Survived
2 12/08/05 131 M Duck Harbor 850 06/30/06 Survived Survived
2 12/08/05 141 M Air Force Base 1100 02/16/06 Mortality Avian
2 12/08/05 144 F South Pamet 1000 06/30/06 Survived Survived
2 12/08/05 148 M Duck Harbor 1000 06/30/06 Survived Survived
2 12/09/05 076* F Fort Hill 1300 06/30/06 Survived Survived
2 12/09/05 145 M Fort Hill 825 06/30/06 Survived Survived
2 12/09/05 146 F Fort Hill 1075 06/30/06 Survived Survived
2 12/09/05 149 F Air Force Base 1200 12/11/05 Censor Missing
2 12/14/05 142 F Fort Hill 1000 01/03/06 Mortality Mammalian
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Location Fate C ause of Death
2 12/15/05 134 M Fort Hill 1130 06/06/06 Censor Missing
2 12/15/05 137 M Duck Harbor 950 06/30/06 Survived Survived
2 12/15/05 150 F Fort Hill 1190 06/30/06 Survived Survived
2 12/16/05 143 F Duck Harbor 800 12/22/05 Mortality Anthropogenic
2 12/16/05 152 M Salt Meadow 1050 06/30/06 Survived Survived
2 12/20/05 140 F Air Force Base 1210 05/19/06 Censor Missing
2 12/20/05 160 M Duck Harbor 810 01/21/06 Mortality Hunting
2 12/20/05 164 M Salt Meadow 850 06/30/06 Survived Survived
2 12/20/05 167 M Duck Harbor 1290 01/04/06 Mortality Avian
2 12/21/05 156 M Duck Harbor 820 02/02/06 Mortality Unidentified predation
2 12/21/05 163 M South Pamet 990 05/26/06 Mortality Mammalian
2 12/21/05 170 F Air Force Base 1170 02/11/06 Mortality Undetermined death
2 12/22/05 161 M Air Force Base 1280 06/30/06 Survived Survived
2 12/22/05 168 F Duck Harbor 1080 02/25/06 Mortality Mammalian
2 12/23/05 162 M Salt Meadow 760 06/30/06 Survived Survived
2 12/23/05 174 F Duck Harbor 980 02/09/06 Mortality Mammalian
2 12/28/05 159 M Doane Rock 1100 01/05/06 Censor Missing
2 12/29/05 172 F Doane Rock 1300 05/20/06 Mortality Avian
2 12/30/05 157 M Duck Harbor 1060 05/19/06 Mortality Unidentified predation
2 12/30/05 166 M Duck Harbor 1120 01/07/06 Mortality Undetermined death
2 12/30/05 169 M Salt Meadow 1000 06/30/06 Survived Survived
2 01/04/06 158 M Air Force Base 1000 06/30/06 Survived Survived
2 01/04/06 173 F Doane Rock 1240 01/06/06 Mortality Mammalian
2 01/11/06 171 M Salt Meadow 1120 06/06/06 Censor Missing
2 01/11/06 175 F Duck Harbor 1200 06/30/06 Survived Survived
2 01/12/06 188 M Duck Harbor 1060 03/25/06 Mortality Mammalian
2 01/27/06 165 M Duck Harbor 1020 06/30/06 Survived Survived
2 02/01/06 189 M Duck Harbor 1060 06/30/06 Survived Survived
2 02/02/06 186 F Fort Hill 1200 03/21/06 Mortality Mammalian
2 02/03/06 180 F Fort Hill 1240 06/30/06 Survived Survived
2 02/03/06 193 F Air Force Base 920 02/09/06 Mortality Mammalian
2 02/08/06 200 M Fort Hill 1120 06/30/06 Survived Survived
2 02/09/06 195 M Fort Hill 1180 06/30/06 Survived Survived
2 03/02/06 178 M Air Force Base 980 06/30/06 Survived Survived
2 03/02/06 191 F Salt Meadow 920 06/30/06 Survived Survived
2 03/07/06 176 M Salt Meadow 1020 06/30/06 Survived Survived
2 03/07/06 179 F Salt Meadow 1100 03/22/06 Censor Missing
2 03/07/06 190 M Salt Meadow 960 05/12/06 Mortality Unidentified predation
2 03/09/06 197 M Salt Meadow 920 06/30/06 Survived Survived
2 03/14/06 182 F Doane Rock 1340 05/10/06 Mortality Undetermined death
2 03/14/06 196 M Air Force Base 1140 06/30/06 Survived Survived
2 03/16/06 184 F White Cedar 980 06/30/06 Survived Survived
2 03/16/06 192 M White Cedar 940 05/05/06 Censor Missing
2 03/17/06 183 M Doane Rock 900 05/12/06 Mortality Undetermined death
* indicates rabbits that were collared in Year 1 and survived until Year 2
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APPENDIX C
INSTITUTIONAL CARE AND USE COMMITTEE APPROVAL FORM
U n i v e r s i t y  o f  N e w  H a m p s h i r e
Septem ber 30, 2004
Litvaitis, John 
Natural Resources 
Jam es Hall 
Durham, NH 03824
1ACUC # ;  040803
A pproval D a te :  08/31/2004 
R ev iew  L evel: B
P ro je c t: Status, Distribution, and Effects of Sport Hunting on Cottontails at
Cape Cod National Seashore
The Institutional Animal Care and Use Committee (IACUC) reviewed and approved the  protocol 
submitted for this study under Category B on Page 4 of the Application for Review of Vertebrate 
Animal Use in Research or Instruction - the study involves either no pain or potentially involves 
momentary, slight pain, discomfort or stress.
Approval is granted for a period of three years from the approval date above. Continued approval 
throughout th e  three year period is contingent upon completion of annual reports on the use of 
animals. At the  end of the  three  year approval period you may submit a new application and 
request for extension to continue this study. Requests for extension m ust be filed prior to the 
expiration of the  original approval.
P le a se  N o te :
1. All cage, pen, or other animal identification records must include your IACUC #  listed above.
2. Use of animals in research and instruction is approved contingent upon participation in the
UNH Occupational Health Program for persons handling animals. Participation is mandatory 
for all principal investigators and their affiliated personnel, employees of th e  University and
students alike. A Medical History Questionnaire accompanies this approval; please copy and
distribute to all listed project staff who have not completed this form already. Completed 
questionnaires should be sen t to Dr. Gladi Porsche, UNH Health Services.
If you have any questions, please contact either Van Gould a t 862-4629 or Julie Simpson at 862- 
2003.
For the IACUC, 
0 ^
Robert G. Mair, Ph.D. 
Chair
cc: File
Research Conduct and Compliance Services, Office of Sponsored Research, Service Building, 
SI College Road, Durham, NH 03824-3585 * Fax: 603-862-3564
63
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
